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(54) [Title] TRANSPARENT CONDUCTIVE FILM 

(57) Abstract 
[Problem] 

To provide a transparent conductive film having excellent durability and an electromagnetic wave-shielding 
property. 
[Solution] 

A transparent conductive film is formed by laminating a transparent conductive layer composed of high-reflectance 
transparent thin layer B made of a metal oxide or a metal sulfide and metal thin layer C containing at least silver on one 
main surface of transparent substrate A for 3-5 times repeatedly in the order of B/C as a repeating unit and forming high- 
reflectance transparent thin layer B on the top; wherein, the transparent conductive film is characterized in that the 
abundance ratio between hydrogen atoms and metal atoms (the number of hydrogen atoms (H)/the number of metal 
atoms ((M)) in the high-reflectance transparent thin layer B is 0.05-0.45. 



[There are no amendments to this patent.] 

Claims 

1 . A transparent conductive film, formed by laminating a transparent conductive layer 
composed of high-reflectance transparent thin layer B made of a metal oxide or a metal sulfide 
and metal thin layer C containing at least silver on one main surface of transparent substrate A 
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for 3-5 times repeatedly in the order of B/C as a repeating unit, and forming high-reflectance 
transparent thin layer B on the top; wherein, the transparent conductive film is characterized in 
that the abundance ratio between hydrogen atoms and metal atoms (the number of hydrogen 
atoms (H)/the number of metal atoms ((M)) in high-reflectance transparent thin layer B is 
0.05-0.45. 

2. The transparent conductive film described in Claim 1, characterized in that transparent 
substrate A is a 25-250 ^im thick transparent plastic film having total light transmittance of at 
least 70%. 

3. The transparent conductive film described in Claim 1, characterized in that the metal 
oxide of high-reflectance transparent thin layer B is at least one kind of oxide selected from 
among an indium oxide, an indium-tin oxide, and a tin oxide. 

4. The transparent conductive film described in Claim 1, characterized in that the 
abundance ratio between the hydrogen atoms and the metal atoms (the number of hydrogen 
atoms (H)/the number of metal atoms ((M)) in high-reflectance transparent thin layer B is 0.1-0.2. 

5. The transparent conductive film described in Claim 1, characterized in that high- 
reflectance transparent thin layer B is 5-200 nm thick. 

6. The transparent conductive film described in Claim 1, characterized in that metal thin 
layer C is 4-30 nm thick. 

7. The transparent conductive film described in Claim 1, characterized in that the 
transparent conductive film is 25-250 \im thick and has a surface resistivity of 0.5-8 Q/D. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a transparent conductive film, specifically, to a 
transparent conductive film that can be used favorably as an electromagnetic wave filter for 
efficient reduction of electromagnetic waves generated by a display device, such as a plasma 
display (PDP), a Braun tube (CRT), or a liquid crystal display (LCD). 

[0002] 
Prior art 

Due to the advancement of informatization reflecting recent social situations, display 
devices that assume a man-machine interface role are gaining importance. As such, better picture 
qualities, improved efficiencies, and thinner devices are demanded of large-screen display 
devices for television, personal computers, information displays at railroad stations and airports, 
and for displaying information of various kinds. 
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[0003] 

Currently, plasma display panels are attracting attention as one candidate representing 
next-generation large-screen flat panel displays, and some of them have already hit the 
marketplace. However, a PDP has a problem attributable to its principle in that it generates an 
intense leaking electromagnetic field. The leakage of the electromagnetic field causes 
malfunctions and communication failures of other electric/electronic equipments, and its effects 
on the human body are also suspected recently. In particular, in the case of a PDP device, a near 
infrared light generated by excited atoms in a plasma ends up affecting such electronic 
equipments as a cordless phone and a remote control. 

[0004] 

Thus, a display device, and a PDP in particular, usually utilizes a filter (an 
electromagnetic wave filter, hereinafter) for shielding against the leaking electromagnetic field 
and the near infrared light. In a common electromagnetic wave filter configuration, an 
electromagnetic wave-shielding layer is formed on one surface of a supporting plate, and an 
antireflection layer is formed on the other surface of the supporting plate and the film surface 
where the electromagnetic wave-shielding layer is formed. These members are pasted together 
and combined using such a technique as coating in order to use them as a PDP optical filter. 

[0005] 

Electromagnetic wave filter materials currently utilized for shielding the near infrared 
light and the electromagnetic field are divided roughly into ® a filter material created by 
combining a grounded metal mesh, or a synthetic resin or metal fiber mesh coated with a metal, 
with a near infrared light absorbing pigment and ® a filter material created by combining a 
grounded transparent conductive thin film, which is represented by an indium-tin oxide (ITO), 
with (in some cases) a near infrared light absorbing pigment. 

[0006] 

The electromagnetic shielding plate disclosed in Japanese Kokai Patent Application No. 
Hei 9[1997]-330667, wherein [the shielding plate] is created by coating a conductive paste in a 
mesh pattern on a transparent resin substrate and drying it, is available as an example of ® . The 
display optical filter described in Japanese Kokai Patent Application No. Hei 10[1998]-73719, 
for example, wherein [the optical filter] is created by laminating high-reflectance transparent thin 
layer B and metal thin layer C in sequence on one main surface of a transparent polymer film for 
4 or more times repeatedly in the order of B/C as a repeating unit and further pasting high- 
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reflectance transparent thin layer B and a light-modulating film formed with a transparent resin 
layer, may be mentioned as an example in which the transparent conductive thin film in © is 
formed on a substrate. When these electromagnetic wave filters are utilized, the electromagnetic 
waves and the near infrared light generated from the PDP (case) can be shielded out efficiently. 
In particular, in the latter case, because the transparent conductive thin film is used as the 
electromagnetic wave-shielding layer, light-shielded parts and moire fringes are less likely to be 
created than in the former. Because said electromagnetic wave-shielding layer itself does not 
have sufficient mechanical strength, it is used together with such a supporting plate as a glass 
plate or a plastic plate. 

[0007] 

In addition, of these, [a filter] that is created by laminating a high-reflectance transparent 
thin layer represented by such a metal oxide as ITO and a metal thin layer containing silver as 
the main ingredient is favorable because it exhibits a high level of transparency, a low surface 
resistivity, and thus a good electromagnetic wave-shielding function. However, because the 
substrate created by laminating said high-reflectance transparent thin layer and the metal thin 
layer was subject to I) a reflection failure due mainly to deterioration of the silver layer and II) a 
higher surface resistance value than that of a metal mesh by one digit or more, it created a 
problem that the electromagnetic wave-shielding performance was not sufficient. 

[0008] 

Although studies of various kinds had been conducted in order to solve the problems, no 
sufficient effects were achieved. In order to solve I) mentioned above, as disclosed in Japanese 
Kokai Patent Application No. Sho 59[1984]-44993, the deterioration of the silver layer was able 
to be improved using a silver-gold thin layer as the silver thin layer. However, in this case, 
because the resistivity of the silver-gold alloy was higher than that of silver, the surface 
resistivity was increased so much that aforementioned I) and II) could not be dealt with at the 
same time. 



[0009] 

On the other hand, in order to solve problem II) mentioned above, the present inventors 
made a proposition in Japanese Kokai Patent Application No. Hei 10[1998]-73718 that 
resistivity could be further reduced while maintaining transparency when respective metal thin 
layers of a transparent conductive layer, which was made of a laminated body composed of high- 
reflectance transparent thin layers and metal thin layers, were made thinner; and the number of 
the times they were layered was increased. However, when silver was used for the metal thin 
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layers, the deterioration problem with the silver layers was left unsolved. In addition, they made 
a proposition in said patent that the deterioration of the silver layers could be prevented when the 
peripheral parts of the metal thin layers were protected. However, when the peripheral parts were 
protected, the deterioration of the silver layers could be prevented mostly but not sufficiently, 
leaving a deterioration problem caused by parts other than the peripheral parts unsolved. 

[0010] 

Problem to be solved by the invention 

Accordingly, the purpose of the present invention is to provide a transparent conductive 
film having excellent durability and an electromagnetic wave-shielding property, which used to 
be difficult to achieve by the prior art, that can be used favorably as an electromagnetic wave- 
shielding filter. 

[0011] 

Means to solve the problem 

As a result of a series of keen examinations to solve the aforementioned problem, the 
present inventors found that the deterioration of the silver layers of the transparent conductive 
layers began to occur from their surfaces in contact with the outside air and advanced inward, 
and that the rate of said advancement was highly affected by the structure of the high-reflectance 
transparent thin layer, particularly by the hydrogen atom content of the high-reflectance 
transparent thin layer, before completing the present invention. 

[0012] 

That is, the present invention is a transparent conductive film formed by laminating a 
transparent conductive layer composed of high-reflectance transparent thin layer B made of a 
metal oxide or a metal sulfide and metal thin layer C containing at least silver on one main 
surface of transparent substrate A for 3-5 times repeatedly in the order of B/C as a repeating unit 
and forming high-reflectance transparent thin layer B on the top; wherein, the transparent 
conductive film is characterized in that the abundance ratio between hydrogen atoms and metal 
atoms (the number of hydrogen atoms (H)/the number of metal atoms ((M)) in high-reflectance 
transparent thin layer B is 0.05-0.45. 

[0013] 

The aforementioned transparent conductive film, wherein the abundance ratio between 
the hydrogen atoms and the metal atoms (the number of hydrogen atoms (H)/the number of 
metal atoms ((M)) in high-reflectance transparent thin layer B is 0.1-0.2, may be mentioned as a 
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preferred embodiment of the transparent conductive film pertaining to the present invention. 
Also, the aforementioned transparent conductive film, wherein the metal oxide of high- 
reflectance transparent thin layer B is at least one kind of oxide selected among an indium oxide, 
an indium-tin oxide, and a tin oxide, may be mentioned. 

[0014] 

The transparent conductive film pertaining to the present invention exhibits not only a 
high level of electromagnetic wave-shielding performance but excellent environmental durability 
also. Thus, it can be used favorably as an electromagnetic wave-shielding filter of such a display 
as a plasma display (PDP), a Braun tube (CRT), or a liquid crystal display (LCD). 

[0015] 

Embodiment of the invention 

The present invention will be explained in detail below. The transparent conductive film 
of the present invention is produced by laminating a transparent conductive layer composed of 
high-reflectance transparent thin layer B made of a metal oxide or a metal sulfide and metal thin 
layer C containing at least silver on one main surface of transparent substrate A for 3-5 times 
repeatedly in the order of B/C as a repeating unit and further laminating high-reflectance 
transparent thin layer B as the topmost layer. 

[0016] 

A transparent plastic film may be mentioned as an example of the transparent substrate 
used in the present invention. Although no special restriction is imposed on the transparent 
plastic film as long as it is transparent, a polymer film made of a copolymer composed of a 
homopolymer, such as polyethylene terephthalate, polyether sulfone, polyarylate, polyacrylate, 
polycarbonate, polyether ether ketone, polyethylene, polyester, polypropylene, polyamide, or 
polyimide, and a monomer copolymerizable with a monomer of such resin, for example, may be 
mentioned. 

[0017] 

Known plastic film manufacturing methods, such as a melt extrusion method, a casting 
method, or a calendar method, can be used as a method for forming the transparent plastic film. 
In addition, as it will be described later, some transparent conductive films may have undesirable 
colors in terms of transparent colors and reflected colors. Also, a color may be added to the 
transparent plastic film for the purpose of correcting colors in this case. A method in which a 
pigment is mixed into a film [material] before forming the aforementioned plastic film; a method 
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in which an ink is prepared by dispersing a pigment into a resin, and [the ink] is applied and 
dried; and a method in which a colored plastic film is pasted, for example, may be mentioned as 
coloring methods. 

[0018] 

It is desirable that the total light transmittance of the transparent plastic film is 70% or 
higher, preferably it is 75% or higher, or 80% or higher is the most desirable. In general, the total 
light transmittance of such a transparent plastic film never exceeds 92%. However, when an 
antireflection layer is formed in order to increase the light transmittance, it is possible that the 
aforementioned value is exceeded. In addition, preferably, the transparent plastic film is 
25-250 |iim thick in terms of ease of handling. 

[0019] 

Furthermore, an adhesion-improving base layer made of an aqueous urethane system or 
silicon system coating agent, for example, may also be formed on the surface where the 
transparent conductive layer is formed for the purpose of improving the adhesion to the 
transparent conductive layer. 

[0020] 

Unlike the mesh, the transparent conductive film covers the entire electromagnetic wave- 
shielding surface, so the resolution of the display is never deteriorated. In addition, it well fits the 
purpose of the present invention because it has many excellent characteristics; for example, it 
has a near-infrared light reflecting capability also, and it can be processed while in a roll form. 

[0021] 

It is desirable that the transparent conductive thin film is formed on one surface of the 
transparent plastic film. It is not desirable to form it on both surfaces because the transparent 
conductive layer becomes difficult to ground. Because the electromagnetic wave-shielding 
performance is proportional to the surface resistance value, it is desirable that the transparent 
conductive layer used in the present invention is composed of high-transparency, low-resistivity, 
and high-reflectance transparent thin layer B and metal thin layer C. Use of a metal oxide system 
transparent conductive thin layer made of a popular indium-tin oxide (ITO) or a zinc oxide 
(ZnO) known for a transparent conductive thin film alone is not desirable in that because the film 
thickness needs to be increased in order to reduce the surface resistance value, the total light 
transmittance is reduced significantly as a result. In addition, it is desirable to laminate high- 
reflectance transparent thin layer B and metal thin layer C repeatedly. In this case, it is desirable 
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that the topmost layer is high-reflectance transparent thin layer B. Use of metal thin layer C for 
the topmost layer is not desirable in that because a directly reflecting interface is formed between 
an air layer or a resin layer and the metal layer, the light transmittance is reduced significantly. 
Also, it is not desirable in that because the metal layer is exposed directly to the outside air, 
deterioration of the metal layer progresses. 

[0022] 

It is desirable that high-reflectance transparent thin layer B and metal thin layer C are 
laminated on one main surface of the transparent substrate for 3-5 times repeatedly in the order 
of B/C as a repeating unit, and high-reflectance transparent thin layer B is formed on the top. It is 
not desirable that the number of the repetitions exceeds the aforementioned range in that errors 
in the thicknesses of the respective layers begin to affect the overall optical characteristic 
significantly, and the productivity begins to deteriorate also. In addition, if the number of the 
repetitive lamination is too small the respective metal thin layers need to be formed thicker in 
order to shield out the electromagnetic waves effectively. This is not desirable in that because the 
reflecting intensity is increased, the total light transmittance is deteriorated significantly, which 
make the required optical characteristic difficult to be achieved. 

[0023] 

It is desirable that the surface resistivity of the transparent conductive film used in the 
present invention is 0.5-8 Q/d. Preferably, it is 0.7-4 Q/D. When the surface resistivity is within 
the aforementioned range, a good shielding characteristic and optical characteristic can be both 
achieved. It is not desirable that the surface resistivity is below the aforementioned range in that 
while the electromagnetic wave shielding-characteristic is good, the light transmittance is 
deteriorated significantly. Also, it is not desirable that the surface resistivity is higher than the 
aforementioned range in that while the electromagnetic wave shielding-characteristic is 
improved, the electromagnetic wave shielding-characteristic is deteriorated significantly. 

[0024] 

It is desirable that the total light transmittance of the aforementioned transparent plastic 
film is 40% or higher, preferably it is 50% or higher, or 55% or higher is the most desirable. Use 
of an electromagnetic wave filter utilizing a transparent conductive film having a total light 
transmittance lower than the aforementioned value in a display is not desirable because the 
screen becomes dark. 
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[0025] 

In the present invention, metal thin layer C is utilized as a portion of the transparent 
conductive layer. Thus, it is inevitable for the metal thin layer to absorb and reflect light even 
when the thicknesses of metal thin layer C and high-reflectance transparent thin layer B are 
optimized optically. Thus, in general, the total light transmittance of the transparent conductive 
layer used in the present invention never exceeds 80%. 

[0026] 

It is desirable that high-reflectance transparent thin layer B used in the present invention 
is formed using a material having a refraction index of 1 .8 or higher. Such oxides as indium, 
titanium, zirconium, bismuth, tin, zinc, antimony, tantalum, cerium, neodymium, lanthanum, 
thorium, magnesium, and potassium; mixtures and complex oxides of these oxides; and zinc 
sulfide, for example, may be mentioned as specific materials that can be used to form said high- 
reflectance transparent thin layer B. These oxides and the sulfide may be utilized regardless of 
their stoichiometric metal-oxygen/sulfur compositions as long as they remain within the range 
that does not alter the optical characteristic. Of these materials, an indium oxide, an indium-tin 
oxide (ITO), and a tin oxide are preferable because they exhibit a high level of transparency, 
high film formation rates, and good adhesion to metal thin layer C. 

[0027] 

Although no special restriction is imposed on the thickness of high-reflectance 
transparent thin layer B because it is determined based on an optical characteristic required, it is 
desirable that the thickness of each layer is 2-600 nm, or preferably 5-200 nm. In addition, as 
described above, high-reflectance transparent thin layer B is laminated repeatedly together with 
metal thin layer C. However, high-reflectance transparent thin layers B do not have to be made 
of the same material, nor do they have to have the same thickness. A known technique, such as a 
sputtering method, an ion-plating method, an ion beam assist method, a vapor deposition method, 
or a wet coating method, may be used as a method for forming high-reflectance transparent thin 
layer B. Of these methods, the sputtering method is the most desirable. 

[0028] 

It is desirable that the abundance ratio between hydrogen atoms and metal atoms (the 
number of hydrogen atoms (H)/the number of metal atoms ((M)) in high-reflectance transparent 
thin layer B obtained using the aforementioned film formation method is 0.05-0.45. Preferably, 
the abundance ratio between hydrogen atoms and metal atoms (the number of hydrogen atoms 
(H)/the number of metal atoms ((M)) in high-reflectance transparent thin layer B made of the 
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metal oxide or the metal sulfide is 0.1-0.2 in order to achieve a good electromagnetic wave- 
shielding performance, transparency, and durability within the aforementioned range. When an 
appropriate amount of hydrogen is added to the metal oxide of high-reflectance transparent thin 
layer B within the aforementioned range, stability of high-reflectance transparent thin layer B 
against external factors is improved, and the deterioration of the silver layer attributable to such 
an active substance as chloride can be prevented from progressing. When hydrogen is added in 
excess of the aforementioned range, a good level of transparency of high-reflectance transparent 
thin layer B cannot be achieved. 

[0029] 

It is desirable to mix a hydrogen gas, that is, a hydrogen atom supply source, into a 
sputtering gas, for example, in order to mix the hydrogen atoms into the metal oxide of high- 
reflectance transparent thin layer B obtained using the aforementioned film formation method. 
Also, it is desirable to control the mixing ratio of the hydrogen atom supply source, such as the 
hydrogen gas, to be mixed into the sputtering gas in order to obtain a metal oxide having a 
desired hydrogen atom-metal atom ratio. To obtain high-reflectance transparent thin layer B that 
prevents the deterioration of the silver layer, when a hydrogen gas is used as the supply source, it 
is desirable to keep the mixing ratio of the hydrogen gas with respect to the main sputtering gas 
at 3-20 vol%, or preferably 7-10 vol%. 

[0030] 

It is desirable that silver as a single metal body or a silver-containing metal layer is used 
as a material for metal thin layer C. Silver is utilized favorably due to its low surface resistivity, 
good infrared reflection characteristic, and excellent visible light transmittance when laminated 
to high-reflectance transparent thin layer B. 

[0031] 

Like with high-reflectance transparent thin layer B, the thickness of each metal thin 
layers C is determined based on an optical characteristic and a surface resistivity required. Here, 
because it is desirable that the thickness of each metal layer does not show an island-like 
structure, it should be 4 nm or thicker; yet it should be 30 nm or thinner from the viewpoint of 
transparency. As described above, metal thin layer C is laminated repeatedly together with high- 
reflectance transparent thin layer B. However, metal thin layers C do not have to be made of the 
same material, nor do they have to have the same thickness. A known technique, such as a 
sputtering method, an ion-plating method, an ion beam assist method, a vapor deposition method, 
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or a wet coating method, may be used as a method for forming metal thin layer C. Of these 
methods, the sputtering method is the most desirable. 

[0032] 

In addition, the peripheral parts of the transparent conductive layer may be sealed off for 
the purpose of preventing the deterioration of metal thin layer C in particular. For example, a 
triazineamine system compound, a thiodipropionate ester system compound, or a benzimidazole 
system compound alone or a transparent resin containing a compound of these may be used for 
the aforementioned purpose. 

[0033] 

Transparent conductive films obtained in said manner sometimes show undesirable 
transparent colors and reflected colors because they are usually absorbent in the visible light 
region. The aforementioned transparent substrate coloring method can be used for the purpose of 
correcting them. 

[0034] 

It is desirable that the total light transmittance of the transparent conductive film 
pertaining to the present invention manufactured in the aforementioned manner is 40% or higher, 
preferably it is 50% or higher, and 60% or higher is the most desirable. It is not desirable that the 
total light transmittance is lower than the aforementioned values because the display screen 
becomes dark when the film is used for the electromagnetic wave-shielding filter. In addition, 
because the transparent conductive thin film used in the present invention utilizes the metal thin 
layers, the total light transmittance usually never exceeds 78%. In addition, the overall thickness 
is approximately 25-250 |um, and the surface resistivity is 0.5-8 Q/D. 

[0035] 

Application examples 

The present invention will be explained below based on application examples. Here, the 
following evaluation items and evaluation method were adopted. 

[0036] 

(1) Total light transmittance (%) 

Respective specimens obtained are measured at 5 arbitrary points using a 
spectrophotometer (product name: Model U-3500; manufactured by Hitachi (Ltd.)), and their 
average values are calculated. 
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[0037] 

(2) Surface resistivity (Q/D) 

Respective specimens obtained are measured at 1 0 arbitrary points using a 4-probe 
surface resistivity measuring device (product name: Loresta SP; manufactured by Mitsubishi 
Chemical (Corp.)), and their average values are calculated. 

[0038] 

(3) Environmental durability (h) 

The time until reflection failure occurs in salt water was measured. A solution prepared 
by dissolving 1 .8 g of salt into 1000 mL of pure water was used as the salt water. Respective 
specimens obtained are cut into 100 nm x 100 nm pieces, stored in the aforementioned salt water 
at 23°C, and the time until a 0.1-mm-diameter size reflection failure occurs is measured. 

[0039] 

(4) Hydrogen atom content (at%) 

© Preparation of a standard specimen 

A 1.3-^m-thick indium oxide (ITO) film is formed on a wafer. After being evacuated to 
attain the pressure of 0.01 Pa, the sputtering gas flow rate (volume) is set to argon gas:oxygen 
gas:hydrogen gas = 92:5:3 and the gas is introduced until the total pressure reaches 0.5 Pa. 
Under this condition, the film is formed by means of a magnetron DC sputtering method. 
® Measurement of the amount of hydrogen atoms discharged per one unit area of the 
standard specimen by means of thermal desorption mass spectrometry (TDS-MS) 

A thermal desorption mass spectrometer (product name: Model EMD-WA100S; 
manufactured by ESCO. Ltd.) is used for the measurement. The temperature increase rate of the 
specimen stage is set to 60°C/min, and the temperature range of the specimen stage is set to 60- 
1100°C. 

® Measurement of the film thickness of the standard specimen using a stylus profilometer 

Differences in the levels of the parts that are masked and the parts that are not masked 
during the film formation are measured using a stylus profilometer (product name: Model 
Decktak 3030; manufactured by Solan Technology Corp.). 

© Average hydrogen concentration in the standard specimen ITO film is calculated based 
on the results of aforementioned © and (D . 

® Measurement of the SIMS intensity of the standard specimen by means of secondary ion 
mass spectrometry 
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A quadrupole secondary ion mass spectrometer (product name: Model MIQ-256; 
manufactured by CAMECA/RIBER) is used for the measurement under the following 
conditions; Cs + as the primary ion species, primary ion acceleration voltage of 5 kV, primary ion 
current of 100 nA, and primary ion incident angle of 60° with respect to the perpendicular line. 
® Hydrogen/indium intensity ratio of each specimen is measured by means of secondary 
ion spectrometry. 

© Hydrogen content is calculated based on the results of aforementioned ®, ®, and ®. 
Molecular weight and density of the laminated film of each specimen are calculated based on 
ITO molecular weight: 277.64 and density: 7.18 g/cm 3 . 

[0040] 

Application Example 1 

A transparent conductive film having a laminate structure, that was composed of an 
indium oxide thin film, a silver thin film, an indium oxide thin film, a silver thin film, an indium 
oxide thin film, a silver thin film, and an indium oxide thin film having the thicknesses of 40, 10, 
80, 10, 80, 10, and 40 nm, respectively, on one main surface of a 75-|am-thick polyethylene 
terephthalate (PET) film (product name: A-4100; manufactured by Toyobo Co., Ltd.) starting 
from the PET film side, was obtained. During the formation of the indium oxide thin film, an 
indium oxide was used as the target; and after being evacuated to attain the pressure of 0.01 Pa, 
the sputtering gas flow rate was set to argon gas:oxygen gas:hydrogen gas = 92:5:3 (volume 
ratio) and gas was introduced until the total pressure reached 0.5 Pa. The film was formed by 
means of a magnetron DC sputtering method under this condition. In addition, during the 
formation of the silver thin film, silver was used as the target; and after being evacuated to attain 
the pressure of 0.01 Pa, the argon gas was introduced until the total pressure reached 0.5 Pa. The 
film was formed by means of the magnetron DC sputtering method under this condition. Total 
light transmittance, surface resistivity, and environmental durability of the obtained transparent 
conductive film and the hydrogen content of the indium oxide layers were measured using the 
aforementioned method. Obtained results are summarized in Table 1. 

[0041] 

Application Example 2 

A transparent conductive film was obtained in the same manner as that in Application 
Example 1, except that the sputtering gas flow rate was set to argon gas:oxygen gas:hydrogen 
gas = 88:5:7 (volume ratio) during the formation of the indium oxide thin film. Total light 
transmittance, surface resistivity, and environmental durability of the obtained transparent 
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conductive film and the hydrogen content of the indium oxide layers were measured in the same 
manner as in Application Example 1 . Obtained results are summarized in Table 1 . 

[0042] 

Application Example 3 

A transparent conductive film was obtained in the same manner as that in Application 
Example 1, except that the sputtering gas flow rate was set to argon gasioxygen gas:hydrogen 
gas = 85:5:10 (volume ratio) during the formation of the indium oxide thin film. Total light 
transmittance, surface resistivity, and environmental durability of the obtained transparent 
conductive film and the hydrogen content of the indium oxide layers were measured in the same 
manner as in Application Example 1. Obtained results are summarized in Table 1. 

[0043] 

Comparative Example 1 

A transparent conductive film was obtained in the same manner as that in Application 
Example 1, except that the sputtering gas flow rate was set to argon gas:oxygen gas:hydrogen 
gas = 75:5:20 (volume ratio) during the formation of the indium oxide thin film. Total light 
transmittance, surface resistivity, and environmental durability of the obtained transparent 
conductive film and the hydrogen content of the indium oxide layers were measured in the same 
manner as in Application Example 1 . Obtained results are summarized in Table 1 . 

[0044] 

Comparative Example 2 

A transparent conductive film was obtained in the same manner as that in Application 
Example 1, except that the sputtering gas flow rate was set to argon gas:oxygen gas:hydrogen 
gas = 95:5:0 (volume ratio) during the formation of the indium oxide thin film. Total light 
transmittance, surface resistivity, and environmental durability of the obtained transparent 
conductive film and the hydrogen content of the indium oxide layers were measured in the same 
manner as in Application Example 1 . Obtained results are summarized in Table 1 . 
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Key: a Application Example 1 

b Application Example 2 

c Application example 3 

d Comparative Example 1 

e Comparative Example 2 

f Total light transmittance 

g Surface resistivity 

h Hydrogen content 

i Environmental durability 



[0046] 

Effect of the invention 

The transparent conductive film pertaining to the present invention has excellent 
durability and an electromagnetic wave-shielding property. Thus, it can be used for an 
electromagnetic wave-shielding filter having a high level of electromagnetic wave-shielding 
performance and superior environmental durability which could not be achieved with the prior 
art. 
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Abstract of JP 2001047549 (A) 

PROBLEM TO BE SOLVED: To provide a transparent conductive film of superior durability and 
electromagnetic wave shielding properties. SOLUTION: A transparent conductive film is formed of a high 
reflectance transparent thin layer B composed of a metal oxide or a metal sulfide and a metal thin layer C 
containing at least a silver laminated together repeatedly by 3-5 times by using the B/C as the repeating 
unit, and another high reflectance transparent thin film layer B is formed on a laminate thus formed, all of 
which are formed on one main face of a transparent base A, and the abundance ratio between hydrogen 
atoms and metal atoms in the high reflectance transparent thin film layer B [the number of hydrogen atoms 
(H)/the number of metal atoms (M)] is 0.05-0.45. 
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